I. INTRODUCTION
The Australian snubfin dolphin (Orcaella heinsohni, hereafter snubfin) has recently been described as a new species, distinct from the Irrawaddy dolphin (Orcaella brevirostris) (Beasley et al., 2005) and considered endemic to Australian waters (Palmer et al., 2011) . However, little is known about the geographical range and acoustic repertoire of this species, and it is thought that their fragmented costal populations Parra et al., 2006a) are highly susceptible to human encroachment from hastening coastal development (Brown et al., 2012; Parra et al., 2006a) . Consequently, recent global assessments by Reeves et al. (2008) placed snubfins in the International Union for Conservation of Nature (IUCN) category of "near threatened" (Brown et al., 2014) and they have since become a primary focus for conservation efforts in the region .
Attempts to quantify populations and habitat ranges of snubfins have, so far, mostly been undertaken through visual surveys (Parra et al., 2006a (Parra et al., , 2006b ), opportunistic sightings Palmer et al., 2014) , and stranding data (Chatto and Warneke, 2000) . These methods, although practical, limit detections to daylight hours, favorable weather, and accessible locations. As a result, there is growing interest in employing passive acoustic monitoring (PAM) methods that are increasingly used worldwide to monitor marine mammal species (Kyhn et al., 2012; Marques et al., 2009) . However, PAM critically relies on using equipment that covers the bandwidth of the emitted sounds and on detection and classification routines that exploit species-specific vocal repertoire features. Unfortunately, knowledge of the snubfin acoustic repertoire remains limited with only two studies to date having described whistles and other social sounds (Berg Soto et al., 2014; Van Parijs et al., 2000) . In addition, whistles are primarily produced in social contexts (Janik and Sayigh, 2013) , and may as such not reliably demonstrate presence of individuals in a given area. Echolocation, however, is a primary sensory modality that is used for orientation, navigation, and foraging in odontocetes (Au, 1993) , and makes up the largest portion of odontocete acoustic output. The different echolocation signal types produced by odontocete species (Fenton et al., 2014) have already proven to be successful in PAM (Au et al., 2013; Roch et al., 2011) . Echolocation clicks are therefore useful for PAM if their species-specific properties are known.
Here we present click source parameter estimates for the Australian snubfin, a poorly known odontocete species endemic to coastal Australian waters, with relevance for future application in PAM efforts. 
II. MATERIALS AND METHODS

A. Recording site
Acoustic recordings were conducted in a shallow-water area during daylight hours within the Fitzroy River, Gladstone on the east Australian coast in May 2013 and Cygnet Bay in the Kimberly, north-west Australia (16 34 0 S, 123 00 0 E) in September 2013. A 6 m research vessel was used in the Fitzroy River and a 5.6 m research vessel was used in Cygnet Bay, both with two observers on board conducting acoustic recordings and visual observations. When a group of dolphins was encountered, the group size, behavior, and photo-identification of individuals were recorded. When acoustic recordings with good signal-to-noise ratio of dolphin vocalizations were considered feasible, the research vessel was maneuvered into a position to maximize the encounter time of the acoustic recorder with the group of dolphins without repositioning the vessel, and the engine was turned off.
B. Recording equipment
We used a linear vertical array with four Reson TC4034 (Reson A/S, Slangerup, Denmark) hydrophones fixed 0.9 m apart, facing the same direction, and inserted into a hollow poly-vinyl chloride (PVC) tube (see Kyhn et al., 2010 for details). The array was suspended from a surface buoy with the top hydrophone at 1.5 m depth and bottom hydrophone at 4.2 m depth followed by a 5 kg lead weight to keep the array vertical. Hydrophones were connected to two custom-built four-channel amplifier boxes with filters (1 kHz one pole high-pass, 200 kHz, four pole low-pass filter, Butterworth, 40 dB gain) and digitized by four analog-to-digital converter channels of a National Instruments USB-6251 multifunction device (National Instruments, Austin, TX) sampling 16-bit data at 500 kHz per channel. The resulting recording chain had a flat frequency response (62 dB) between 1 kHz and 200 kHz and clip level of 192 dB re 1 lPa (peak), dictated by the maximum voltage of 65 V of the A/D converter. All recordings were manually started and terminated, with data files streamed directly to the recording laptop hard disk. The recording array and localization routine was calibrated in a previous study (Kyhn et al., 2010) .
C. Click analysis
Click analysis was carried out following procedures from de Freitas et al. (2015) and Madsen and Wahlberg (2007) . A custom-written click extraction and analysis toolbox for delphinid echolocation (Biosonar array toolbox, F. H. Jensen) in MATLAB 7.0 (Mathworks, Inc., Natwick, MA) was used for analysing recordings. Odontocete biosonar is highly directional and thus prone to distortion resulting in much lower apparent source levels when recorded off the acoustic axis. Consequently, an established set of criteria (Kyhn et al., 2009; Madsen and Wahlberg, 2007) was used to maximize the number of "on-axis" clicks analyzed. Clicks were selected if they (1) were detected on all four hydrophones; (2) could be localized; (3) had the highest received level in a scan of clicks, determined by a series of at least five clicks with increasing and subsequently decreasing amplitude; (4) the highest received level was recorded on one of the two middle hydrophones. Clicks from buzzes, determined as multiple low source level clicks with repetitions rates below 3 ms were not included. All extracted clicks were visually verified to ensure they did not contain visible surface or bottom reflections.
Source parameters from each on-axis click were quantified sensu Madsen and Wahlberg (2007) and Au (1993) . All clicks were high-pass filtered at 10 kHz to reduce the influence of low frequency noise on parameter values. Click waveforms were interpolated by a factor of 10 by expanding the length of the complex Fourier spectrum before inverse transforming it back into the time domain. The duration (D À10 dB ) of the click was determined as the time interval between the À10 dB end points relative to the peak of the waveform envelope as calculated using the absolute value of the analytical signal. Received levels of each on-axis click were calculated as peak-to-peak (pp) and root-mean-square (rms) sound pressure within the D À10 dB window, and energy-flux-density (EFD) was calculated as the sum of the squared sound pressure values within the D À10 dB window. Inter-click intervals (ICI) were determined as the time between the peak envelope of the on-axis click and that of the previous click (Au, 1993) . Click power spectra were calculated as the squared absolute values of the Fourier transform of clicks weighted by a 320-point Hann window centered on the time centroid of the envelope. Spectral parameters in the form of peak frequency (Fp); centroid frequency (Fc); À3 dB and À10 dB bandwidths; rms bandwidth, defined as the spectral standard deviation around the centroid frequency; Q factor, defined as the ratio of the centroid frequency to the rms bandwidth (Au, 1993 (Au, , 2004 , were computed from the respective power spectra.
Source levels were computed for each on-axis click by adding the transmission loss between the source and the receiver to the recorded received level values. Transmission loss was calculated from the sum of spherical spreading (20 log R) and the frequency-dependent absorption (a) over a given range (R). An absorption coefficient of 0.025 dB m À1 was estimated from a water temperature of 24 C and a centroid frequency of 90 kHz.
D. Beam estimates
A composite measure of the sonar beam transmission directivity in the vertical plane was estimated following the procedure in Jensen et al. (2015) . For beam pattern estimation, clicks localized outside 15 m were ignored. Since the acoustic axis of clicks scanning across the array could lie between hydrophones, we estimated the angle of incidence and relative rms intensity at each hydrophone relative to the peak of a quadratic interpolation of received intensity across three hydrophones. Relative intensity and angle of incidence for each hydrophone were pooled across clicks and used to fit the transmission pattern of a flat, circular piston of varying diameter (see Beedholm and Møhl, 2006; Kyhn et al., 2009) . The full bandwidth directivity index and beam width were then calculated for the best-fitting circular piston using a model on-axis click. Confidence intervals were estimated using a bootstrap method sampling clicks with replacement for each of 2000 total bootstraps .
III. RESULTS
Over two hours of snubfin recordings were made during the 19-day study period, and a total of 64 on-axis clicks were isolated from 8439 recorded echolocation clicks. Snubfins produced short duration [mean 6 standard deviation (SD); 12 6 1 ls] broadband transients ( Fig. 1; Table I ) with a mean peak-peak source level of 200 6 5 dB re 1 lPa and an EFD source level of 141 6 5 dB re 1 lPa 2 s. Power spectra of onaxis clicks appeared unimodal, although occasional bimodal spectra were also present, with emphasis around 110 kHz. The steep decline in the power spectra around 180 kHz is due to the steep low pass filter of the recording system. Clicks had a centroid frequency of 98 6 9 kHz and a rms bandwidth of 31 6 3 kHz (Fig. 2) and click trains were characterized by short ICIs (52.2 6 27.7 ms). Using ten snubfin clicks recorded within 15 m, an equivalent piston radius (EPR) of 4.34 cm was estimated with confidence intervals of 3.95-4.72 cm. The composite transmission beam pattern of snubfins has a À3 dB beam width of 12.37 degrees and a À10 dB beam width of 31.14 degrees with a directivity index of 23.5 dB. Numerous snubfins were found in the area and different groups approached the array at any one time, making it unlikely that repeated individuals were recorded.
IV. DISCUSSION
The newly described Australian snubfin dolphin is relatively poorly studied with little known about its habitat range, population structure, and relative abundance Bejder et al., 2012) . Consequently, there has been an increased interest in its acoustic repertoire for use in PAM for conservation efforts. As echolocation is a key sensory modality for all odontocetes, and since small odontocetes seem to echolocate near-continuously in the wild (Wisniewska et al., 2016) , this study sought to parameterize the biosonar source parameters of this newly described species for use in PAM efforts.
Snubfins produced short duration, broadband transient clicks (Fig. 1) , with high peak, centroid frequency, and broad bandwidths that are characteristic of this signal type (Au, 2004; Wahlberg et al., 2011) and comparable to similarly sized delphinids (Table I ; Jensen et al., 2013) . The source levels and transmission directivity index derived for snubfins were also within a comparable range to other small delphinids in similar habitats (Table I ; Jensen et al., 2013) . This suggests that delphinids of a similar size, within similar habitats, exhibit biosonar parameters within a consistent range that could be shaped by similar evolutionary drivers (Fenton et al., 2014) . Nevertheless, while these biosonar parameters occur within similar ranges, a degree of plasticity is achieved by actively controlling source level (Moore and Patterson, 1983) , frequency content (Moore and Pawloski, 1990 ) and beamwidth (Moore et al., 2008) of their biosonar, even in the wild . Such dynamic biosonar adjustments likely contribute to the variation in recorded source parameters reported in many studies.
The source levels of snubfins were comparable to those of sympatric humpback dolphins recorded by de Freitas et al. (2015) and slightly lower than those of Indo-Pacific bottlenose dolphins in the same study (Table I ). The centroid frequency of snubfin biosonar was lower than that of both species in said study, while rms bandwidth was higher than that of humpback dolphins but lower than Indo-Pacific bottlenose dolphins. The differences observed in biosonar parameters between these two studies may be due to species-specific differences; however, it is plausible that the different habitats and recording equipment could also contribute to explaining some of the observed differences. For example, a study by Fang et al. (2015) reported lower source levels and shorter bandwidth for Indo-Pacific humpback dolphins in China compared to other dolphin species. The study, however, suffered from recording equipment limitations that likely gave rise to the reported differences. In contrast, source levels and centroid frequency of snubfin echolocation clicks in this study were higher than those reported for the sister species, the Irrawaddy dolphin (Orcaella brevirostris) (Jensen et al., 2013) . Given the similar recording equipment and analysis methods, these biosonar differences are likely due to the shallow, cluttered river environment of O. brevirostris, where biosonar range may be limited by clutter/reverberation rather than by noise (Jensen et al., 2013) . Indeed, other river dolphins inhabiting shallow water environments similarly use higher click rates and lower apparent source levels than marine or coastal delphinids (Ladegaard et al., 2017) . The close similarity in on-axis biosonar source parameters between snubfins and sympatric delphinid species raises the question of how future PAM efforts may differentiate similar sized delphinids living in the same area. The high probability of off-axis clicks, and thus different sound parameters, being recorded further hinders efforts and highlights a need for combining click-based detection with whistle-based species discrimination as a possible solution to aid species differentiation.
Overall, the short broadband signal type produced by the Australian snubfin dolphin is appropriate for automated detections using PAM. However, echolocation source parameters recorded in this study varied only slightly from those of closely related species in previous studies. Unknown states of biosonar dynamics, distances and orientation from the recording gear, and different recording arrays may all contribute to variations in reported click values, potentially compounding PAM efforts of sympatric delphinids. Therefore, when establishing source parameter differences for species classification, it is of the utmost importance to record animals with good signal-to-noise ratio, similar behavioural contexts, and distance intervals in order to facilitate accurate discrimination and classification in PAM. Although some may argue that any detection should be seen as a positive result, misclassifying a rare, vulnerable, species in habitats shared with more common sympatric species can falsely inflate population estimates and lead to reduced conservation concerns or misplaced conservation efforts. However, click detections and classifications can potentially be augmented with concurrent whistle classifications to achieve a much lower probability of false alarms. Thus, click detections are required and important to quantify the presence of delphinids, while whistles and other acoustic cues are needed to classify species with very similar vocal outputs whenever possible. Consequently, this study also emphasizes the need for further studies into the probability and possibility of discriminating between similarly sized, sympatric coastal delphinids, producing the same types of echolocation clicks.
